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Molecular motors: Sensing a function for myosin-VIIa
Tama Hasson
Mutations affecting myosin-VIIa are known to cause
deafness and blindness in human Usher syndrome.
Mutation of the Dictyostelium myosin-VII gene has now
revealed a role for this unconventional myosin in
phagocytic events, providing a possible clue to the role
of mammalian myosin-VIIa in the inner ear and retina.
Address: Department of Biology, University of California at San Diego,
9500 Gilman Drive, La Jolla, California 92093-0368, USA.
E-mail: tama@ucsd.edu
Current Biology 1999, 9:R838–R841
0960-9822/99/$ – see front matter 
© 1999 Elsevier Science Ltd. All rights reserved.
The actin cytoskeleton is a critical player in a wide variety
of cell motility processes, having been implicated in
whole-cell locomotion, chemotaxis, cell division and muscle
contraction, as well as in movements of intracellular compo-
nents, such as organelle transport, endocytosis, secretion
and phagocytosis. Mutations affecting components of the
actin cytoskeleton are responsible for many mammalian
diseases, in particular diseases of the actin-rich red blood
cells and of muscle. In the past four years, genetic studies
have shown that the actin cytoskeleton also plays an
essential role in sensory tissues, and mutations affecting a
group of actin-binding proteins termed unconventional
myosins have been identified as the basis for hearing and
vision defects. 
Mutations in three of these unconventional myosins —
myosin-VI, myosin-VIIa and myosin-XV — have been
shown to be responsible for deafness in the mouse and in
humans (reviewed in [1]). Myosins are molecular motors
that utilize the energy from ATP hydrolysis to travel along
actin filaments. Historically, myosins have been divided
into two groups, termed conventional and unconventional.
Conventional myosin, or myosin-II, forms bipolar filaments
and serves primarily in contractile events. The unconven-
tional myosins do not assemble into filaments and instead
are thought to act as the motors for intracellular movements
along actin filaments. The precise functions of the uncon-
ventional myosins, and in particular the myosins associated
with sensory diseases, have remained elusive. But now, as
described by Titus in this issue of Current Biology [2],
studies in the soil amoeba, Dictyostelium discoideum, may
have revealed a role for one of these myosins, myosin-VIIa,
in phagocytosis. 
Mutations in myosin-VIIa were first linked with deafness
in the mouse. Using positional cloning strategies, mutation
of the myosin-VIIa gene was identified as the basis for
deafness and vestibular (balance) dysfunction in shaker-1
mice (reviewed in [1,3]). Investigators were led to consider
myosin-VIIa as a candidate for three human sensory disor-
ders, as Usher syndrome type 1B (a deafness-blindness
syndrome) and two forms of deafness (DFNB2 and
DFNA11) all mapped to the same chromosomal region in
humans as shaker-1 in the mouse. Analysis of Usher
patients and, later, DFNB2 and DFNA11 families con-
firmed that myosin-VIIa does indeed underlie these three
disorders (reviewed in [1]). Of the patients with myosin-
VIIa mutations, the majority have Usher syndrome. Usher
patients are born profoundly deaf and have vestibular dys-
function, then in their teen years, the patients go progres-
sively blind as a result of retinal degeneration.
Over 200 Usher and deafness patients have been scanned
for mutations in the myosin-VIIa gene and so far upwards
of 55 distinct mutations have been found, some in multi-
ple families. Mutations have been identified that affect
each of the domains of the myosin-VIIa protein (reviewed
in [3]). As shown in Figure 1, myosin-VIIa comprises an
amino-terminal motor domain, a central light chain binding
Figure 1
A schematic showing the composition of myosin-VIIa. At the amino
terminus is a conserved motor domain followed by a series of five light
chain binding repeats that may bind calmodulin light chains. Following
the light chain binding domain is a region of predicted coiled coil that
allows myosin-VIIa to self-assemble into dimers. The remainder of the
tail of myosin-VIIa comprises a direct repeat of two elements: the
proximal element, termed the MyTH4 domain, a sequence motif of
unknown function found in several myosins as well as one plant
kinesin; and the distal element, termed the talin-like or band 4.1
superfamily homology domain, a region with significant homology to
the amino terminus of talin and with limited homology to the amino
termini of other members of the band 4.1 superfamily of actin-binding
proteins. For talin and band 4.1, this domain has been shown to bind
directly to acidic phospholipids and it also interacts with proteins in the
membrane, so it may serve a similar function in myosin-VIIa. Between
the two MyTH4–talin repeats is an SH3 domain that may also serve as
a ligand-binding site. Although it is presumed that the tail of myosin-
VIIa binds its molecular cargo, no cargo has yet been identified for this
or any other myosin.
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domain and a carboxy-terminal tail with several protein-
interaction domains including a coiled-coil region and an
SH3 domain. It is presumed that the tail serves as the
binding region for the intracellular cargo. Missense muta-
tions are found predominantly in the motor domain, sug-
gesting that the enzyme function of myosin-VIIa is
essential for its roles in the retina and inner ear. Missense
and small deletions have also been found in the tail
domain, so cargo binding is also critical for the functions of
myosin-VIIa in these tissues.
What essential function does myosin-VIIa serve in the
inner ear and retina? Immunolocation studies have sug-
gested a number of roles for this molecular motor. In the
cochlea and vestibular tissues of the inner ear, myosin-
VIIa is expressed exclusively by one cell type, the sensory
hair cells [4]. These hair cells have a series of actin-based
projections on their apical surface called stereocilia
(Figure 2) that are required for the conversion of forces,
such as sound waves and gravity, into electrical signals.
The stereocilia are linked together into a bundle that is
deflected as a unit by these mechanical forces. In
mammals, myosin-VIIa is found all along the length of the
stereocilia, whereas in the frog, it is found in a band
towards the bottom of the stereocilia [4]. This difference
in location is consistent with an association of myosin-VIIa
with the linkages that join adjacent stereocilia to their
neighbors. In mammals, these linkages are all along the
length of the stereocilium, whereas in the frog, the link-
ages are all positioned at the base. Myosin-VIIa may there-
fore serve a role in the assembly of the stereocilium into a
bundled array and may play an active role in maintaining
rigidity during the dynamic movements of the bundle. In
agreement with this model, analysis of hair cell develop-
ment in shaker-1 mice has revealed that these animals have
a defect in the assembly of the stereocilia [5].
Myosin-VIIa has also been located to a new subcellular
domain of the hair cell termed the pericuticular neck-
lace [4]. Found between the adherens junction and the
actin-rich cuticular plate, the pericuticular necklace is rich
in membrane vesicles and is the site of microtubule ends.
The pericuticular necklace may therefore represent a
release point for vesicles carrying cargo in transit between
the microtubule arrays in the cell body and the actin arrays
in the apical domain. In support of this model of myosin-
VIIa function, studies have shown that hair cells in
shaker-1 mice have a defect in aminoglycoside uptake [6].
Although the precise mechanism by which aminoglyco-
sides enter the cell has not yet been elucidated, these
results suggest that myosin-VIIa may serve a role in endo-
cytosis or membrane recycling, activities that occur in the
pericuticular necklace.
The shaker-1 mice do not exhibit retinal degeneration as
seen in Usher patients. It has been proposed that additional
genetic factors may be involved, such that certain individ-
uals (such as DFNB2 and DFNA11 patients) and mice are
less susceptible to myosin-VIIa defects in the retina.
Recent studies of shaker-1 mice have revealed that these
animals do exhibit a number of subtle retinal phenotypes,
however, and these phenotypes suggest additional roles
for myosin-VIIa.
Immunolocation studies have revealed that myosin-VIIa
is present in two cell types in the retina: the photo-
receptors, which are the primary sensory cells of the
retina, and the pigmented epithelial cells [7,8] (Figure 3).
In the photoreceptors, myosin-VIIa is found in the con-
necting cilium, a thin bridge between the inner and outer
segments of the photoreceptors [8]. Components of the
visual cascade, such as the major pigment protein opsin,
are synthesized in the inner segment of the photoreceptor
and then transported across the connecting cilium into the
outer segment. In the outer segment, the opsin and other
components of the phototransduction machinery are
assembled onto membrane disks. Studies in shaker-1 mice
have revealed that this strain has a defect in transport of
opsin through the connecting cilium — opsin is trans-
ported at only 70–87% of the rate seen in wild-type
animals [9]. In addition, with some shaker-1 alleles, opsin
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Figure 2
A speculative model for the function of myosin-VIIa in the inner ear.
Myosin-VIIa is found exclusively in the sensory hair cells of the inner
ear. It is present in the stereocilia, where it may serve a role in
regulating the tension of the stereocilia bundle. It is also present in the
pericuticular necklace, where it may serve a role in membrane uptake
events. See the text for further details.
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accumulates in the inner segment, which is not seen in
wild-type strains [9]. On the basis of these results, it has
been suggested that myosin-VIIa may serve an essential
transport role in photoreceptors. It is presumed that the
defect in this process does not result in blindness in the
shaker-1 mice because of their relatively short life span.
In the retina, the highest levels of expression of myosin-
VIIa are in fact seen in the pigmented epithelium (PE)
layer. The PE serves an essential maintenance role in the
retina. The photoreceptor outer segments undergo contin-
ual renewal, whereby new membranous disks are added at
the base of the rod and shed off the distal end. The PE
absorbs the shed outer segments, removing products that
are otherwise toxic to the photoreceptors. Phagocytosis of
outer segments by the PE is presumably an actin-based
process, as the PE possesses apical actin-rich villi that sur-
round and presumably engulf the outer segments
(Figure 3). Myosin-VIIa is present within these apical villi,
suggesting a role for myosin-VIIa in this process [7].
Phagocytosis of outer segments has not yet been investi-
gated in shaker-1 mice, but analysis of the PE in shaker-1
mice has revealed that myosin-VIIa mutation results in
incorrect positioning of the pigment granules within the
PE cells [10]. It is unclear whether this mislocation of
pigment is a result of a general defect in the actin
cytoskeleton or a specific lack of myosin-VIIa motility in
this cell type, because myosin-VIIa does not appear to
locate to the pigment granules in immunolocation studies. 
Perhaps the most compelling work to support a role for
myosin-VIIa in phagocytosis comes from recent studies on
Dictyostelium [2]. This professional phagocyte has one class
VII myosin gene. Surprisingly, upon knockout of this
gene, the resulting mutant cells show an 80% decrease in
the uptake of particles (yeast, bacteria or beads). This
defect does not result from altered particle-binding prop-
erties or from an altered actin cytoskeleton, as has been
seen with mutations in other actin-binding proteins.
Rather, the defect appears to lie exclusively in the uptake
of larger particles, suggesting a direct and active role for
myosin-VII in phagocytosis. 
There is an extraordinary record of homology in function
between proteins found in mammals and in Dictyostelium
and this record includes many conserved components of
the actin cytoskeleton (reviewed in [11]). Therefore, the
implication of a role for myosin-VII in phagocytosis in Dic-
tyostelium is a compelling reason for researchers to investi-
gate this role in higher eukaryotes. Myosin-VIIa may serve
a critical role in the PE phagocytosis known to be essential
for maintenance of the retina, for example. There are no
known essential phagocytic events in the inner ear, but
perhaps membrane retrieval is an underappreciated yet
integral part of the development of the hair cell stereocilia. 
The recent work in Dictyostelium has provided a new direc-
tion for research on unconventional myosins. It remains to
be seen whether mutations affecting myosin-VIIa result in
phagocytosis defects in mammals. But with the availability
of shaker-1 myosin-VIIa mutant mice for direct investigation,
we should keep our eyes and ears open for further advances. 
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